Abstract. In aerospace industry, many tasks required manufacturing workers to perform their works in awkward posture. Awkward posture is a practical working posture when joints are not in neutral position such as lifting heavy products, reaching materials, bending forward their back when doing jobs, and pushing or pulling excessive loads because those tasks require a stable position and large degree of freedom. If the workers perform the jobs continuously in awkward posture throughout the working hours, they may be experience muscle fatigue. The objective of this study is to measure the myoelectric level (µV) exerted by the right and left thoracolumbar fascia muscles while workers perform the lay-up process in aerospace industry. The myoelectric level in the muscles was measured using surface Electromyography (sEMG) measurement. Six production workers from aerospace industry participated as subjects. The muscle fatigue of the subjects was measured during beginning until finish of lay-up process. This measuring activity has been doing from Wednesday to Friday. Highest results of myoelectric level for right thoracolumbar fascia is when the workers make the lay-up process for ply seven until ply eleven. Different with the results of myoelectric level for left thoracolumbar fascia which is; three of the workers got highest result when they are making the lay-up process for ply seven until ply eleven, but the other three of the workers got highest result when they are making the lay-up process for ply twelve. Nevertheless, after averaging both of the results, a mean result for each worker shows the highest myoelectric level is when the workers make the lay-up process for ply seven until ply eleven. According to the mean, a percentage of worse tasks are projected. Based on this study, the authors concluded that muscle fatigue of the lay-up workers in aerospace industry was influenced by the work load, work activity and duration of awkward posture.
Introduction
Awkward posture can be theorized as a discomfort posture because it is harmful position for human body when a joint is not in its neutral range of postures and make muscles are either shorter or longer than resting length. When joints are exposed to postures that involve range of movement near the extreme positions, the muscles around the joint are stretched or compressed. If the exposure to extreme postures is prolonged, the muscles do not immediately return to their resting length [1] . In manufacturing workplaces, numerous processes jobs are recommended to be performed in awkward posture. For example, they need to bend their neck forward greater than 30 degrees, raise their elbow above their shoulder, bend their wrist downward with palm facing downward greater than 30 degrees, bend their back forward greater than 45 degrees, squatting, etc [2] .
The surface Electromyography (sEMG) is one of the scientific instruments that have been applied to quantify muscle fatigue of workers while performing tasks in awkward posture [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The sEMG quantifies the effort level of muscle in terms of myoelectric level, expressed in micro volt (µV) corresponding to contraction of the muscles while handling the jobs. For instance, if the myoelectric level is high, it means that the muscles are exerting high effort while performing the particular tasks. If the tasks are continuously performed, the muscles will fatigue.
The purpose of this study is to quantify the effort level exerted by the right and left thoracolumbar fascia muscles among six manufacturing workers in aerospace industry (lay-up process line) while performing tasks in awkward posture. Additionally, the myoelectric level of these workers was compared to find out which activity exerted more effort in the muscles while performing the tasks.
Methodology
An aerospace company situated in Malaysia was selected to perform the data collection. In the production department of the company, all workers are males and national citizenship. They worked in two shifts based on a 12-hour shift schedule. A main process line in this company is lay-up process. All manufacturing workers performed their tasks in awkward posture especially in lay-up process line. Moreover, the tasks require workers to stand with awkward posture because the nature of jobs is repetitive, frequent movement, and large degree of freedom.
Six production workers were recruited as subjects in this study. They are selected from lay-up process lines. To fulfill the basic requirement of this study, selected workers who performed processes jobs in awkward posture and no injuries for the past 12 months were allowed to participate in the experimental work. Demographic of the selected workers from plying process line are described in Table 1 . A surface Electromyography (sEMG ME3000P4, MEGA Electronics, Finland) and MegaWin Software were used to record, store and analyze all the data regarding muscle fatigue of the workers. The measurements of muscle fatigue were conducted based on real time monitoring. All electrodes were connected to a data logger. The myoelectric level from the data logger is monitored through laptop screen using wireless networking. The sEMG electrodes were attached conscientiously to the subject's skin to measure the fatigue in the two muscles: right and left thoracolumbar fascia. In the measurement and analysis of awkward jobs, the selected muscles are chosen based on the statistical data analysis from questionnaire that has been answered from 22 workers before the experimental work is made. They experienced an intense pain in the lower limb of body as much as 97.22%. The selected muscles are also suggested by the established guidelines [14] and a recent review article [15] .
After all the measurement settings are ready, the subject can now start to perform his task. Fig. 1 shows the worker with the sEMG instruments to measure fatigue in the selected muscles. 
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In a workday, both of the muscles were concurrently measured for continuous awkward posture to quantify the effort level exerted by the muscles when they are performing their tasks. There are four tasks they need to perform which is lay-up ply one and two, lay-up ply three until ply six, layup ply seven until ply eleven, and lastly lay-up ply twelve. Each of the subjects does not have an identical time to begin or finish their work. The measuring activity was conducted on three consecutive workdays from Wednesday to Friday.
The output parameter from the sEMG measurement is myoelectric levels that are expressed in micro volt (µV). Graphical analyses associated with descriptive and comparative analysis were used to interpret the data.
Results and Discussion
This study has conducted an analysis of muscle fatigue of manufacturing workers in aerospace company. In the company, a main manufacturing process is coming from lay-up process line. This lines required workers to perform jobs in awkward posture for prolonged time periods. All workers worked on a 12-h shift schedule. The shift is changed every week which is worked both; day and night shift. It was observed that the workers spent about 80% of the working hours in awkward posture to do their tasks (only standing during setup ply and sitting during breaks) throughout the 12-h working period. This is due to the activities that required the workers to move frequently with awkward posture along a mould. For instance, workers at the lay-up process lines have to reach the ply from the pallet on the table and lay-up the ply into the mould, synchronize with the size of the mould. Thus, the process would be practicable in awkward posture as it requires frequent bending forward of the workers back. This study observed that muscle fatigue occurred particularly in the lower back (thoracolumbar fascia muscle) due to above mentioned working conditions. Furthermore, there were complaint of fatigue in those body parts from the workers of plying process lines which is trapezius muscle, deltoid muscle, rhomboideus major muscle and triceps brachii muscle.
Through sEMG measurement, this study identified that the maximum of myoelectric level (µV) in the right thoracolumbar fascia muscle is higher when the workers do the lay-up process for ply seven until eleven. This process required about 25 to 30 minutes completing. This process is fatigue because it's required the workers to bend forward their back more to the left side within the times without any rest. Fig. 2 shows the maximum of myoelectric level (µV) of right thoracolumbar fascia muscle for each worker while they are performing the tasks. 
Myoelectric Level for Right Thoracolumbar Fascia
Advanced Engineering Forum Vol. 10While the maximum of myoelectric level (µV) in the left thoracolumbar fascia muscle is higher when the workers do the lay-up process for ply seven until eleven and lay-up process for ply twelve. Three of the worker's results are higher when they are making the lay-up process for ply seven until eleven, but the other three of the worker's results are higher when they are making the lay-up process for ply twelve. This study believed that different results of myoelectric level occurred when the postures of workers were deviated significantly from neutral position especially when the tasks required them to bend forward their back more to right or left side. Thus, placed more stress in the right lower back or the left lower back [16] . Fig. 3 shows the maximum of myoelectric level (µV) of left thoracolumbar fascia muscle for each worker while they are performing the tasks. Nevertheless, after averaging both of the results, a mean for each worker shows the highest result of myoelectric level are when the workers make the lay-up process for ply seven until ply eleven. This is proven the observation taken before the sEMG measurement is done. Fig. 4 shows the myoelectric level for mean of thoracolumbar fascia muscle for each worker. 
Myoelectric Level for Mean of Thoracolumbar Fascia
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According to the mean, a percentage of worse tasks are projected. Based on the percentage, the fatigue tasks for lay-up workers in aerospace company can be classified. Fig. 5 shows the percentage of fatigue tasks in lay-up process lines for awkward posture according to myoelectric level (µV) for mean of thoracolumbar fascia muscles. This study pointed that duration of awkward posture can influenced the myoelectric level. When the worker is bending forward their back in a long period of time, static contraction of muscles can occur particularly in the back. Due to static contraction, performance of the muscles may decrease and this condition can lead to discomfort and muscle fatigue [17] .
Conclusion
This study has performed muscle fatigue measurement in the right and left thoracolumbar fascia of manufacturing workers at lay-up process line in aerospace company. All workers performed their tasks in awkward posture for prolonged time periods. The measurements of muscle fatigue were conducted on four working tasks; lay-up ply one and two, lay-up ply three until six, lay-up ply seven until eleven, and lastly lay-up ply twelve. Regarding to the maximum myoelectric level of right thoracolumbar fascia, the fatigue task is when the workers do the lay-up process for ply seven until eleven. On the other hand, the maximum myoelectric level of left thoracolumbar fascia shows there are two tasks are fatigue which is when the workers do the lay-up process for ply seven until eleven, and the lay-up process for ply twelve. Therefore, this study concluded that muscle fatigue of the lay-up workers in aerospace industry was influenced by the work load, work activity and duration of awkward posture.
